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EFFLUENT MONITORING FOR NUCLFAR SAFERUARDS

Luciano Stnnchi*
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87345

ABSTRACT

A microprocessor-based instrument operates a continuoue surveillance
on effluents from a nuclear facility. It receives and evaluates pulses
from two Nal detectors and a set of single-channel analvzera, it has
self-diagnosing capahilitv so that it takes actions notr only when 1t re-
cognizes excessive radioactivity but also when 1t ascertains some abnormal
behaviour, Power failure procedure and automatic restart are nrovided,
Operative constants such as alarm thresholds, times, and nwber of suc~
cessive measurements are permanently stored in a read/write batterv onera-
ted C-MOS memory. The program allows automatic succession of phases in a
peculiar way and has a feature for loading an auxiliary program into RAMs,

1. Introduction

An sutomatic {nstrument for monitoring effluents
from a plutonium facility is described. Monitcring
is performed both for safety sake and for nuclear
safeguards in order to avoild possible diversions from
this way.

The instrument contains an Intel* Single Board
Computer type SBC 80/10 and operates autonomously
without the need of any surveillance. It has self-
diagnosing capability so that it can ascertain 1f hoth
the effluent radioactivity is kept within the norm
and its own operation is behaving correctly. An end-
less succession of measurement cvcles interrupted by
calibration procedures is performed., Times for each
one of the measurements in a series as well as the in-
terval between calibrations are selected by the opera-
tor during initialtzation,

The ncormal operation relies on the compa.. scn of
the measured values with prefixed limits, without tak-
ing any initfative if limits are not exceeded. In
case of higher radioactivity or wrong behaviour, some
actions are automatically initiated and alarms a3 : set
upe.

The operator is called onlv during alarm condi-
tions, but during normal periods the instrument is
overated 24 hours a day and no intervention is needed,
Suitable warning to the buildine computer is piven
both in case of alarm or in case of local power
failure,

2. Generality

The instrument consists of two analog chains cone
nected to two Nal detectors with photomultiplier tubes
and a digital part controlled by a microprocessor
Intel 8080A, FEach one of the analop chains containa
a preamplifier, an amplifier, a atahilizer, and some
single~channel analyzers (SCAs). The chain 1s simply

:work performed under the ausnices of the I'SFRDA,
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mendation of the praduct hv the Unfversity of Califor-
nie or the U, S, Fnerpv Research and Nevelopment Adw-
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assembled with commercial NIM modules and needs not

to be ‘described in detail. The Kal detectors have
different sizes to merfoim different tasks, One, used
for low energy gamma particles (FIDLFR), has a diam-
eter of 127 mm (5") and a thickness of 1.59 rm (1/1F"),
wvhile the second one, used for medium energv particles,
has diameter and thickness of SN.R mm (2" x 2"),

Both detectors are immersed in the liguid (Fiz, 1)
of a isuitable vessel kept completely filled bv the
pgeometry, The {mpuritvy content ia the liauid 1s kent
uniform by a continuously onerated stirring mechanism,
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Fig. 1. Assembly of uetectors and sources in the
vessel,

In Pig. 2 the spectrum of a 94,2% 3%, gamnle
18 reported! as it is obtained with hoth a Ce(L1) and
a Nal detector, The oroblem of usinp the most suitable
detector or detectors has heen debated, Cermanium de-
tectors, hoth of the lithi{um-Arifted and the intrinsic
type have heen taken into considerstion. The nrincinal
objective vas to detect and measure accuratelv the 17
keV gamma particles consaeauent to alpha emiasion,
Other enerpies of interest? are the 59.f keV neuk and
the region of 4NN keV, which {8 resolved in ranv neaks
with Ga and develons a hroad bumn with Na¥, The self-
absorption of the liauid (water) has heen taken intoe
account, examining the most annronriate tvne and neom-
etrv of the detector. We should remember that 1 em of



water i{s stopping ahout RNZ of the 17 keV radiation.?
. To obtain the highest effectiveneas the detectors
must be irmersed in the liquid and protected bv a
very thin berillium window. Unfortunatelv the jfauid
will corrode the Re window in the long run if a suit-
able protection is not nrovided. For that purpose a
special rubber cap is added, and this reduces the 17
keV rate of about 1NZ,

The final decision has been takean unou the baasis
of the experiernce of the Nuclear Safepuard group of
the Laboratory. The thin Nal detector has proved to
be very well suited to ston the low energv particles
without being severely disturbed bv Commnton hackground
of higher energy particles., In additfon Nal detectors
can be easilv chtained with fairlv larpge active areas
so that an adequate pulse rate in the 17 keV range can
be achieved, On the contrary it is quite hard to
achieve the same active surface with Ge datectors.
Apart from problems of cooling and protectine, even in
cage of coaxial detectors completelv immersed in the
liquid, the effect of viewing solid angle limits the
efficiency since the detectors are phvsically senarated

94.2 % %y sampLE
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Fig. 2. Comnarison of oplutoniu: camma-rav spectra
from 30 em® fe(L1) detector and 76 x 76 mm
Nal detector. Note the sqiare root scale
(from Ref. 1).

from the 1liquid by the surrounding vacuum, For these
reasons Nal detactors were selected. As a consequen:e
only the integral counting in the repion of interest
i{nstead of a full spectrum will be acauirea.

The peak areas are corrected for background"“
with the simple "two window" method instead of the
three vindows method that is usually taken in eval-
nating peaks from a Ge detector spectrun, A single~
channel analyzer (SCA) is centered on the peak of
interest and a second SCA is set in a nearlv flat
zone for background measurement. The total area A
is evaluated by that with the equation:

A=P -~ (n/n‘) * kB (1)

vhere P {s the total measured activity under the peak,
and B 4s the activity In the background region; n and
n are number of channels in the two measurements,

afd k 13 a correction factor depending on the slope of
the background and is determined during the system
calibration,

Using equal channel width for peak and background
the 3imple relation is obtained:

A=P - kB (2)

and this {s the evaluation that the micronrocessor is
instructed to perform,

Each one of the two chains carries out an asso-
ciated measurement of background and contains a suit-
sble gamma source for oroper calibration, The thin
detector is used tc measure onlv the 17 keV peak and
associated background and uses an 2%1am wource for
calibration (calibrating energy 59.6 keV), The thick
detector is used to meagure the 59.6- and 4N0-keV
peaks plus background and uses a 22Na source (cali-
brating energy 51) keV),

Three different types of alarms have been taken
{nto consideration and will be better described 1in
the following:

ALARM 1 4{if the radiocactivity in the 17 keV neak exe
caeds the maximum tolerable intensitcy

ALARM 2 1f something is going wrong with the calibra-
tion procedure

ALARM 3 1n case of lack of power,

3. Choice of the Svstem

Depending on the use of Nal or fle detectors and
on the use of CAMAC standard or special design, four
different avatems have been examined, Thev are re-
ported in ¥ips. 3 through 6. The first ontion (Fip.

3) is the chosen nystem and will be described thorouph~

ly.
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Pig. 3.

Fipure &4 shows a Ge ontion hased on the usc of a
single analop chain, & dipital stabilizer, and an ADC
for a full spectrum acauisition. The Lnlihration set

up utilizes the 413.7 keV neak contained in 23*Pu snec-
trum, In Pig. 5 the Ge ontiun is based on CAMAC, Some
commercial CAMAC modules can he purchased solving oart
of the problems. Finally, Fig. 6 shows the Nal CAMAC
option where the seven SCAs are conaected to a sinele
CAMAC Refold scaler, 1In this block diasram the chosen
crate controller is a commercial one, microprocesasor
based, that matches the requirements needed for auton-
omous oneration with the nossibility of taing included
in a CAMAC parallel branch or in a CAMAC seriasl loon.

This stand-alone instrument seems not particularly
suitable for CAMAC; revertheless its emplovment in an
inteprated system controlled by a central comouter
should render CAMAC quite attractive., The power of
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Yig, 4. Block diagram using a Ge detector and snalog-

to-digitul converter,

CAMAC in designinp, updating and reuaing varts of

the svsten is well expressed in Ref. S, from where

1 wish to take some words to agres that CAMAC has saved
a lot of money "in eliminating dunlicate enpineering
efforte in the laboratories, in simnlifving imnlemen-
tation of modules and svstems in the field and in
lowered maintenance costs."” This probahlv would have
been the case if all the surrounding instrumentation had
been designed to nrofit from the benefits of an inte-
grated system, But different proiects were alreadv run-
ning so the logic conmequence was to abandon the idea of
using CAMAC. As this self-operated equipment is not
very meaningful in CAMAC 1f not framed in a bigger sys-
tem, I preferred to make a design directly optimized for

the task.

4, Hardware Design

The instrument is made according to the block
diagram of Fig, 3, It is contained in two rack=-
mounted cratas: 1) a standard NIM bin for the ana=-
lop chains, and 2) a three-unit chassis containing a
sinple-board commuter Tntel SRC RN/1N, the suitable
hardware for operation, counting, and evaluation, and
the power supply.
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Fig. 5. CAMAC application of the setup of Fig. 4

The choice of the single-hoard computer SBC RN/1N,
based on the popular ANBNA microprocessor, is due to
the fact that it contains all the necessary features
for the syster, i.e., PROM and RAM memory, parallel
and serial interfaces., The PROM sirze is very suitahly
matched because 4k bytes (4096) are provided and the
actual program occupies about 4000 bvtes. The lk-byte
RAM of the board is more than suffici .t for the insatru-—
ment because only SCAs are used without full spectrum
acquisition, The two parallel interfaces assemhled on
the board are used respectively, one for intarrupts and
input data and the other for output data. The VSART
allows for serfal input/cutput communications with an
interactive terminal, A suitably quartz-driven clock is
self-contained on the board and is also used in the
other circuitry via a C=MOS dividing chain, The only
1imitation of the SBC 80/10 is that only one of the 3
levels of interrupt conceived for the Central Processor
Unit (CPU) is decoded. That comrels the unit to follow
up to recognize the interrupt 3curces,

All the hardware external to the SBC 80/1n g
designed with 551 and MSI and only a few parts will
be illustrated. Generally 74LS series and C-MOS chips
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Fig., 6. CAMAC assemblv with Nal detectors and crate

controller that can be linked in wider frames.

are used. They are assembled in a hiph density wire-
wrapped hoard that has bean nrogrammed for a punched
tape=driven wire-wrar machine. The salient parts of
the hardware perform the following onerations:

== Action in case of powver failure and
automatic power restart

== C-MOS storing of constants f > r permanent
memorization

we Memory-mapped logic

=~ Enable and disable of the circuitry
= Process’ng of nulses

=~ Optrative fields (software controlled)
=~ Timing and interrunts

=~ Alarms

= Source displacement for calibration



- Digital to analog conversion and start
chart recorder

== . Prout panel and remote indications

= Opticcl isolation between the instrument
and the external features

Some of the details will be explained in the following.

S. Power Failure and Automatic Power Restart

Particular care has teen dedicated to power fail-
‘ure and automatic restart, A suitable threshold on
the dc supply voltage will set up the alarm to the
building computer and stop the instrument before the
voltage goes bz2low safety values, The restart is op-
erated with a suitable hysteresis that allows the
voltage to regain nearly the final value. A suitable
switch allows the operator to decide if the automatic
restart is used. The program will read the position
of the switch and take the approrriate action,

Two different conceptions have been examined de-
pending on how interrupts, reset, and stop command
are operated, The first one had power failure and
automatic restart setting a program interrupt, while
the atop feature was simply disabling the circuitrv
and resetting the CPU, The second one on the contrary
velies on a dc reset of the CPU and all the circuitry
if the voltage is lower than the prefixed value. Oh-
viously the program counter restarts automatically
from zero when the power returns, The stop command
becomes inefficient if used for resetting so that an
interrupt procedure is necessary to serv2 the stop
comnand,

Both solutions have been carried out completely
and tested, The first one had Schmitt tripggers and
time constants so that a careful setup was necessary,
Times were proportioned in such a manner that it was
impossible to start a power failure procedure without
a successive restart even in case of successive short
breaks in the power line.
the fact that a battery-operated +5.4V dc supply is
permanently present for the C-MOS RAM, It is basad on
the use of a comparator without any time constant so
that i{ts intervention is almost immediate, thus avoid-
ing phase problems in case of successive breaks,

Figure 7 shows the circuit with the comparator,
vhere the +5,4V voltage is brought to one input via a
divider, and the normal +5V supply poes to the other.
input with a suitable feedback that allows for a hys-
teresis of about 5% of the volteee, The comparator
output «rives a flip-flop that is dc connected direct-
1y or indirectly to all the circuitry and the CPU., So
when power 18 going up, a dc reset is initializing all
the bistable circuits and keeps the CPU reset up to
when the comparcotor output voltape swings. At this
point the program counter is released from gero and
begins the initialization of the interface circuits
and starta the clock cf the instrument if APRE = 1,
1.e,, if the automatic power restart switrh is enabled.

The program comes then to a halt, waiting for interrunts

that will arrive automatically from the clock or from
the pulsea processed by the analog chainsa,
phases consequent to clocks are described in paragraph
7.

The automatic power restart will restore the op-
eration with all the operative variables. That caused

sonme difficulty during the desipn atage hecause no core
The purpose is to give

uemory is present in the system,

The second solution exploits

The various

the operator the possibility to set some constants such
as times, thresholds, number of measurements between
calibrations, to values that can he chaneed along the
necessities, If these values are written as vart of the
program into the PROMs, thev will hecome {nvariant. If
these values are stored into RAMa, thev will disappear
with the pvowsr so that thev cannot be retraced when the
power comes back. The problem has heen solved using a
C-MUS RAM to store the variahles and a small Ni-Cd bhat-
tery directly powered hy the +17v sunnlv of the instru-
ment via a high value resistor, a parallel Zener dicde
and a series diode, The current Jdrain of the C=MPS RAM
from the 45,4V batterv during staud-hv periods is so
snall that it can be out of operation for months without
losing the stored information.

6, Pulse Counting and Memcrv-Mapned Logic

The expected pulse rate of pulses coming from the
analog chains 13 so low that counters at the output
of the SCAs are unnecessary. The hardware allows each
pulse coming from the 5 SCAs (three peaks and two
backgrounds) to establish an interrupt reauest that
is served after suitable polling., Software controlled
gates are enabled onlv during the aonropriate phase.
Reset of each counter is verformed by propram at the
beginning of each measurement. Preferential hardware
routing is given to 17 keV pulses in order to avoid a
loss of anv one of these pulses in case of simulta-
neousness,

The higher rate corresponding to source pulses
does not allow the storing of each nulse into the RAM
memory through a program interrunt. Pulses comingp
from the 2 SCAs centered on the peaks corresnonding to
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Fig. 7. Power failure detector. The 5,4V supply is
battery operated and will never disappear,
The nepative going output from comparator
occurs at a voltare of ahout 4,A5Y and sets
pover failure flip~flop that disahbles all the
circuitry, When power returna, PF flin-flop
will keep the circuits at renet until the
voltage reaches about 4,9V,



the source emissions are counted in two 16-bit count~
ers., The two counzers are seen as part of the memory
and are connected to the data bus via tristate buffers,
A £flip-flop will be set 1f during counting one or bhoth
counters will overflow, The program will rezognize

the overflow as a reason for alarm,

During source counting the analog chain stabiliz-
ers are activated, They will corpensate for drifts
occurring anywhere from the Nal detector-PM tube as-
sembly to the amplifier output. They will keep con~
stant the amplitude of the pulses corresponding to the
source peak,

The memory-mapped logic will include in the mem-
ory addresses not only the counters but also some
bistable circuits called operative fields as explained
below., Table T reports all the addresses in hexadeci-
mal (and decimal) form used within the instrumenr, in-
cluding the addresses for PROMs and RAMs contained in
the single~board computer and already prefi.ed by the
manufacturer, Hardware uses incomplete decoding,

Operative fields (OP fields) are read/write bvtes
that are used by the program to control the hardware.
The phases of the operation are centained in OP1l, The
least significant bic (read only) is connected to the
APRE switch and is used by the program to decide 1€
the automatic restart has to he done, Write and read
in OP1 can be different., For example, the START com=
mand gives the hexadecimal value 44, but 4t i{s read as
04 and used for starting the calihration procedure;
CONTINUE will write the value 60H and will be read as
20 to start the MEASurement phase., The attempt to
start source counting (write 08H) or start pulse
counting (write 20H) can result in alarm if the source
movements were not properly confirmed (see Fig, 11),
They can be read as Alarm 21 or Alarm 23, respective-
ly. Operative field OP2 contains other commands and
service flags. TEST and PRINT flags are used respec-
tively to create odd conditions without sending alarms

TABLE I

ITEM HEX ADDR. DECIMAL ADLDR.

On Board PROMs 0000 - OFFF = 0 ;. - 4095
e T

On Board RAMs  3CO0 - 3FFF 15360 - 16383

C - MOS RAM 4000 - 40FF 16384 - ° 1€639

Counters & OF  g554 . gog7 32768 - 32775

Fields

to the huilding computer and to print data from source
counters and from pulse counters, Thev are alwavs re-
set by hardware at the heginning of each measurement
to avoid the possibillity of forgetfnlness that will
result in the very danserous lack of warning to the
building computer or in a uass of unuseful printine

of data,

The rotal memory-mavped loepic in the rance of
8NONH addresses 13 revorted in Tahle II, Operative
fields OP3 and OP4 are only used for writing Alarm 1 or
Alarm 22, 1f anv, corresponding to pulse or source
counting.

7. Timine ant Flow Charts

The timing 18 controlled bv an instrument clock
occurring every 30 s as explained. This is obtained
by a C=-M0S dividing chain from the 2.N4R Mz cuartz-
controlled clock of the SBC RN/1N, All the dividers
are dc reset if enable flin~flon is nat set due to
vrogram reaquirements or to nower failure. When a
start is piven bv the onerator, the reset is released
and the first clock will occur after 30 s, determining
the succession of phases, The first ohase is normally

TABLE 11
BIT ASSIGMENT

ADDRESS BIT HEX BIT
' (HEX) NO. WRITE VALUE NO. READ
8000 0-7 RFAD ONLY COUNTERS SC 1 (Low)
8001 3-15 SC 1 (High)
8002 0=-7 SC 2 (Low)
8003 8-15 . SC 2 (Migh)
8004 0 - ()¢ 0 APRE
(crl) 1 Var— up o024 1 Warm up flsg
2 MOVL 04H 2 MCV1 flag
3 Source Count Enable (Alearm2l?) 08H 3 SC flag
4 MOV2 10H 4 MOv2 flag
S MEAS (Alarm23?) 204 S MEAS flag
6 SET B 40N [} AL21
? - 800 ? AL23
START (2,6) SET E + MOVl &4d Q) Read 04H
CONTINUR (5,6) SET E + MEAS 60H (5) Read 20H
8003 0 TEST o1y 0 TEST
1 COUNT ENABLE (1/0) 028 t COUNT ERABLE
(or2) 2 PRINT O4H 2 PRINT
3 RESET B 0BH 3 -
4 INITIALIZE (LAMP) 108 [} -
] - 204 H SOURME COUNT OVERFLOW
6 - AOH [} -
? - 808 ? -
INI(TIALIZE (),4) RESET E + INIT (LAMP) 188 (-) No Read

8007 1] WRITE ONLY (FALSE/TRUE AL 1) -
(0P3)
8007 v WRITE ONLY (FALSE/TRUE AL 22) -

(oP4)




s wara up, and this is the phase vhich is ararted by
sutomatic restart,

Suitable counters determine the duracion of each
phase in multiples of 30 s, The measurement time (MT)
4is set by the operator in sultiples of minutes. The
aumber of measurements between calibrations (M) is
also prefixed by the operator.

The flow dlagrams of Figs. 8, 9, and 10 will bet-
ter explain the succession of phases.

Figure 8 1llustrates the procadure "Poweron"
which i{s self-explanatory up to the decisional block,
The decision depends on the Automatic Power Restart
Enabled or not, If not enabled the instrument 20&s to
halt and waits for the operator, If APREsl the periph-
eral interface is activated and a "warm—up" flag is set
in the operative field, Starting from that roment the
cperative field will govern ali the onerations, waiting
for ciocks that will set up following phases according
to the flags that are set in succession by each one of
the procedures. The phase duration is determined by
suitable counters contained in the memory., The "Power-
on" procedure allows one or two runs of Warm—up depend-
ing on the successfulness of the first calibration,

For this purpose, counter W is set to 2, Counter WT is
set initiaily to 20 to fix the warm=up time to 10 mins,
The end of the procedure sets FNABLE flip-flop.

The interrupt procedure (Fig, 9) 1s calling one
of the three procedures corresponding to the possible
causes of interrupt, i.e,, CLST, Pulses, Reco,

«= Procedure CLST calls in turn procedure Clock
or Stop. The Clock will be described iater
with the help of Fig, 10, Ston ohviously
will drive the system to the full stop 1f
the operator requires that by pressing the
pushbutton,

-= F.ocedure Pulses executes simoly the incre-
ment of suitable pulse counters that are
contained in the RAM of the single-board
computer.

MIRDWARE RE3ET
ALMQY|

¥ig., 8. Flow diagram corresponding to power-on., The
program goes to halt and can only he started
by keyboard if APRE=0, If APRE=l the start

18 automatically done by clocks.

== Reco 1s a procedure that recopnizes the
first letter tvved hv the onerator. Fe is
allowed to tvpe on the keyboard the follow-
ing commands: Initialize, Start, Continue,
Print, Test, Exper, Opver. He can actually
type whatever he wants on the line; the
program will rccopnize only the first let-
ter and only {f this letter i{s une of the
initials listed above,

Power failure operation, not indicated in the
diagram, is not software~imnlemented, When voltape de~
creases the circuit operates a permanent reset to the
CPU and all the circuits.

Figure 10 reporta the flow diapram correspondine
to clock nrocedure, The peculiaritey of this operation
is that the operative field is wricten at the end of
each phase s0 thrt one phase will nrepare the eall for
the next one, The succession of the phases will he con-
sequentlv obtained automaticallv as a daisy chain. Aa
said, the first clock after nower-on will find a warm-
up flaz in the onerative field., The phases governed by
the operative field are the followiug:

1. Warm up: WT is decreased un to zero and
then W is decreased. At the same time
MOVl flag 1s set.

2, MOV1l: This phase lasts 31 g and allows
the sources to get their nosition near
detectors., The firsc clock will then set
"source count enable." This action is
hardware prevented i{f the end of movement
is not confirmed bv ontical position con-
trollers (Fig. 11). I movement is okay,
counter Cl is set to ? that allows l-minute
source counting; {r nect, Alarm 23 {e set,

3. Source counting: Two successive clocks will
find this flag, When Cl=N, source counters
are disabled and counts are evaluated., At
this poiat Alarm 22 flio-flop {s written
with "1" or 0" according to the evaluation.
If counts are within 1imits Alarm 72 is set
to zero and W is also reset, This means
that 1f after the firat warm-un time the
calibration is okav, 1t 1is not necessary
to allow for a second run of warm-up and
calibration, 1f W was already zero, this
reset 18 inefficient.

INTERRUPT
PiNJES NO NO
PORT B PROCEOUKE cLocK sToP HALT
2 st > A
NO s YES
YES PROCEDURE | {PROCEDURE
pQGA PROCEDURE cLocX stop
? PULSES
NO

1SN\NO ..
X1+80AR0 ALY ]
?
YES

PROCEDURE
RECO

Pig, 9. Flow diagram corrcsponding to interrupt.
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Flow diagram of the clock action which is atarted by interrupt via procedure CLST.
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procedure performs a third level polling before doing the oroper action,

4, MOV2: Acain, hardware will prevent the set-
up of the measurement flag if MOV2 is not
confirmed (Pig. 11). If the sources don't
come back to their rest position, Alarm 23
is set, If movement is okay. first W is
checked in order to know if a new warm=up
is necessary, If not, pulse counters are
reaet and prefixed numbers are written into
counters MT (measurement time) and NM (num=
ber of measurements between calibrations).
Finally count enable is set.

5, Meas: Measurcment flag means that pulses
from the analog chains are counted. When
MT reaches 2:ro one measurenment is per-
formed and contents are evaluated, If
threshold is exceeded, Alarm 1 is set and
many actions are hardware initiated. Print
of data {a performed in this case. If
threshold 1s not exceeded, print of data

is performed only on request of the operator
(procedure PRINT), The end of this sub-
phase decreases counter NM and a new mea-
surement is started, After the prefixed
run of measurements, NM goes to zero and
MOV1 1is again set up.

The cycle continues endless,
8. Alarms
Different types of alarms will warn the operator

if something will perform incorrectly during each
phase, In these occurrences some actions will be

automatically initiated, The various alarms with the
consequent deeds are listed below:

ALARM 1 = This alarm is set un 1f the 17 keV
counts in the selected time exceed the prefixed numeri=~
cal threshold., Both time and threshold are stored in
C-MOS memorv. If Alarm 1 is found, the building comput-
er is warned and some local actions are taken. A flach-
ing yellow lamp is operated, and a douhle auydible warn-
ing=—local and remote—1s started. (Audible devices can
be silenced by the ope-ator.) At the same time the data
corresponding to 17 keV counts are sent to a chart re-
corder via a digital-to-analop converter (DAC), and the
recorder is started. The recorder has a thermal pen
writing hecause a normallvy idle instrument cannot
safelv use an inked pen. The contents of the thraee
peak areas (17 keV, 59,6 keV, 4NN keV) corrected with
Eq. (2) are printed at the end of each alarmed mea-
surement, The time of occurence of the alarm is not
printed because it will result merelv in a dunlication
of the real-time counting of the huildianp computer and
is also meaningless in case of power failure.

Last, but not l=ast, Alarm 1 drives the holding
tank controller, This 18 now onlv a nrovision that
the hardwsre i: already performing ir view of the fu-
ture construction of the holding tank and 1ts control-
ler. When this +111 he made, the affluent will be
automatically diverted to the holding tank after the
first oc:urrence of the alar: up to the and of the first
non-ala.med measurement,
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ALARM 2 = This alarm is set up during calibration
and is in effect a group of three different alarme
that take different actions,

«~ Alarm 21 is related to MOV1l, and if the
source position i3 fiot confirmed by an
optical phaser, the action is to stop the
instrusent completely and warn the building
computer. No recovery is possible without
the intervention of the operator,

~= Alarm 22 is related to source counting.
If one or both source counters exceed
their own high or low limits (stored in
C-MOS memory) the action is simply a
warning to the building computer, No
printing or other automatic action 1is
taken, but the operator can print out the
source counting vhen needed. The instru-
ment is not stopped, but there is no
guarantee that the analog chain will per-
form correctly.

== Alarm 23 is related to MOV2 and is similar
to Alarm 21,

ALARM 3 = This alarm is established by the lack
of power and disables ail the hardware in the instru-
ment before the voltage is completely down, taking
only ‘he external action of warning the building com-
puter,

9, Motor Drive Circuitry

The circuitry for driving the two sources near
the detectors i{s shown in Fig. 11. A command given
by the program sets the flip-flop MOVl and starts the
wotion of the synchronous motor that drives the sources
via . suitable demultiplication, When the sources
reach the position, an optical coupler is operated and
resets the flip-flop, stopping the motor, fter cali-
bration a similar action is performed by MOV2 flip-flop
and the sources return to the rest position. The
motor {s always turning in the same sense, and the
movenent of the sources is circular, They are not
entering and exiting the vessel but are contained in
it. When they are in the far position, the mass of
the support provides a sufficient screening. The two
positions of the sources are identified by two dia-
metrically opposed holes (lying on different radii)
that allow the passing of the light beam when the right
position is reached.
' The time allowed for the movement is one clock,
i.,e,, 30 s, while the movement is performed in 12 s.*
This permits a full rotation of 360° in 24 s, that is
less than a clock intervul, This can be the case when
power returns if a preceding power fallure occurred
when MOV2 was just initiated.,

Each one of the flip-flops is driving a couple of
AND gates connected in parallel to a command coming
from the program. If the movement is properly termi=-
nated, the flip-flop has been reset, and the signal
is routed to the proper action, If not, the command
is routed to set the suitable alarm as explained in
paragraph 8,

‘Hotor speed is 30 revolutions per second with a 60 Hz
1line, A 180:1 reduction gives an angular velocity of
10 rev/min. A suitable mechanical device transforms
a complete revolution of the axis into a 90° displace-
ment of the sources. The moveinent from rest to work
pozition and vice versa is completed with a 180° ro-
tation,
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10. Interrupt and Dialog with the Overator

Three different lines caa met up an interrupt to
the systen, but they share the only allowed interrupt
level, 1.,e,, RST? of the SBC 81/1N, Two lines come
from one of the parallzl inter“aces and ~ne from the
serial 1ink to the excernal terminal (Us. ).

The interrupt is first polled to recoesnize what
port is calling, A multilevel polling is verformed.
When the port is recognized, a subseauent polling will
realize what occurrence in that port is requesting
service, A subaequent check w11l dectde the action te
be undertaken:

a) The first parallel input port is first
polled to see if clock or stop is estah-
14shing the interrupt., 1In case of cleck
a third level of polling is performed,
checking the content of the operative
field before deciding the action to be
taken,

b) The second parallel input port is simply
polled to recognize which one of the SChs
is sending a pulse. The action is then to
add one count to the corresponding counter.

c) The serial port is polled when a carriaze
return 1s sensed., In this case the first
letter of the line will decide the nroce-

" dure to be initiated. Messapes such a3
"Illegal Command" or "Wrong Initial” are
automatically printed if the overator 1is
not requesting a foreseen action.

During the initialization a complete dialog be-
tween machine and operator is performed via an input/
output terminal., When "Initialize" 1s recognized, the
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Fig, 11, Motor driving circuitry. The pulses indi-
cated with #2 and 4 respectively are sent by
the program via OP1 field. The 1ipght diodes
will indicate the final position Is reached
and reset the corresponding flip-flop, The
positive pulses will set the prcper action
or the alarm depending on the status of the
flip-flop.



dpatrunent prints automatically the value of the 11 op—
" erative constants that have been previoualy stored.
Then 11 messages are printed in succession, each one
waiting for an answer. The operztor types simply an
*X" 4f the particular stored constant i3 OK, or a num-
ber if a riev value has ro be stored into the C=10S RAM,
Special messages are printed if wrong action is taken
by the operator, The 1. mbers that the operator can
change, 4f necessary, correspond to:

-~ Measurement time and number of succe-sive
measurements

=~ Threshold for the 17 keV integral counting

=~ Lower snd urper limits for both source
countinrgs

— K constants for the threc peak evaluation
with Eq. (2)

e~ Number of successive mcasurements to be
printed out (1f any)

Two particular procedures can be established by
the operator typing one of the following titles:
Exper or Oper, or simply their initials, Exper is a
procedure used during experimental phase that allows
the operator to send recurrent pulses from the CPU
to the hardvare for test purposes and to read recur-
reat values from operative fields, C-MOS RAM and
counters. Oper is described in the next chapter,

11. Softvare

The program has been written using the Intel PL/M
high~level language., This language is stored in oue
of the computers of the computing center of the Labo-
ratory and is accessible with input/output terminals,
& powerful editor stored in the same machine allows
1or easy changes or additions to the program. The
program i¢ written as a series of declarations and a
simple executable series of statements that invariably
go to the same exit, where a halt is found waiting for
interrupts.

Tventy-seven procedures have been written in PL/M
language. They are then called as a daisy chain start-
ing from the procedure called by the interrupt and con-
trol the operation as exposed in the preceding chapter,
The easiness of writing the procedures that will then
be called at the run time is a powerful means that is
given by the PL/M language. A preceding work® made us-
ing the 8080 assembler resulted in a considerably long~-
er development time, comparatively.

A peculiar chavacteristic of this program is the
possibility given to the operator to write an auxiliary
program in machine language and to store i into the
RAM memory. A suitable procedure (OPER) of the main
program will allow the acquisitior of hexadecimal codes
from the keypoard, When a "/" will be acquired, the
auxiliary program will be automatically executed. This
particular feature will allow future increase or modi-
fication without the need of rearranging completely the
program using the PL/M compiler and chiefly will not
require erasing and rewriting the PROMs, Some awkward-
ness due to ASCII code for the direct acquisition of
hexadecimal digits will be described aeparately.7

I wish to make on.y a small consideration about
the compiler, perhaps based on my hardware background,
No particular care is taken by the compiler in case of
HLT (halt), The onlv action is that the compiler anto-
matically adds EI (enable interrupt) before HLT, With

diatinguinhed graciousnesa 1{: adds another EI, ALT at
the end of the program. So vou are stooped, but vou

can easilv restore the operation with the interrupt.

True., My program is always at HLT waiting for inter-
ruota but the interrupt will return, after servicins,
to the aext location. There are no excentfons: Dure
ing execution all the instructions increment the pro-
gram counter. So even with HLT the return is to the

nert instruction, The added statements EI, HLT wnrk

for the first time; thereafter, the program wiil pass
88 8 hurricane intc the RAMs. So it 18 necessary to

creace a jumping back loop afeer the EiT, for example
1ike this:

DECLARE EXIT LABFL;
/* EXECUTARLE CODES#*/
GO TO EXIT:

04000000 00O0NCPROOIDOSICEDY
/* PROCEDURES#*/
C'.........!l..'i'l'l
/* INTERRUPT 7%/
£XIT: HALT; )
GO TO EXIT; -

EOF

This seems to me quite obvious, but since I found
many people surprised bv this consideration, I wish in
consequence to help those who will have doubts about {it,

12. Conclusion

Figure 12 shows a picture of the dipital part,
The front panel has several lamps that help the opera-
tor in recognizing the various phases, Two lacns
switched by the clock indicate enable state so the
operator can have & clock indi{cation., Also the measure-
ment phase has two lamps that are switched at the he-
ginning of each measurement, so the time of each run in
this recurrent phase can be determined.

The total work has been made in several stages,
First, the hardware, testing all circuits individuallvyy
second, the software, after a studv of the commiler.
The third step has been a simulation of the full overa-
tion with software means. The laboratorv has the Intel
INTERPB program stored in the comouting center, and
this {8 very useful for the possibility of simulating

Fig. 12. Photograph of the digital controller. APR
and audible warning enable switches are not

saccessible from front panel,



the' varicus phages, including the interrupts, PFinally,
before loading the program into the PROMs, the propram
has been stored into RAMs, using the Intel SBC 80P
loader.

The man-machine interaction is accomplished by a
Teletype Mod. AS33 controlled by a suitable timer to
allow power off when not operated and automatic start
with sany command. The teletypewriter will normally pe
idle so that a mor2 sophisticated terminal would be re-
dundant,

The full assembly with the analog part, the chart
3¢eorder. and the teletypewriter is shown in Pig, 13,

Fig. 13.

View of the complete equipment,
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